We focus on collaborative activities that engage computer graphics designers and social scientists in systems design processes. Our conceptual symmetrical account of technology design and theory development is elaborated as a mode of mutual engagement occurring in interdisciplinary trading zones, where neither discipline is placed at the service of the other nor do disciplinary boundaries threaten to dissolve. To this end, we draw on analyses of mutual engagements between computer and social scientists stemming from the fields of computersupported cooperative work (CSCW), human−computer interaction (HCI), and science and technology studies (STS). Recent contributions from STS are extended with respect to the modes of engagement and trading zones between computer and social sciences that identify participative digital systems design as a form of inquiry for the analysis of cooperative work settings. We illustrate our conceptual approach using data from an interdisciplinary project involving computer graphics designers, sociologists and neurosurgeons and hospital staff with the aim of developing augmented reality (AR) visualisations for clinical cooperation on a hospital ward.
Introduction
Software design and sociological analysis have come together at an interdisciplinary crossroads since the 1980s. In this paper, we trace some of the enduring motifs and divisions of labour that have emerged from interactions between these two fields and discuss the respective "modes of engagement" (Ribes and Baker 2007) which link social scientists, computer scientists, and members of user communities. We sketch out our own perspective of a symmetrical mode of engagement as a contribution to the current discussion in science and technology studies (STS) on "trading zones" between STS and technological design (Vertesi et al. 2017 ).
Our perspective draws on previous research which successfully engages both social scientists and computer scientists, for instance in human-computer interaction (HCI) and computersupported cooperative work (CSCW). These approaches place a premium on ethnographic methods for the study of technology in use, on the conception of work as a fundamentally practical and mediated activity, and on user involvement in the design process (Bannon and Schmidt 1991; Robinson 1990 ). Moreover, they strive for a close collaboration between the fields of social science and computer science (Dourish and Button 1998) , but are at once marked by a constant tension between ethnographic methods and software design (cf. Suchman 1994; Blomberg and Karasti 2013) .
Building on a foundation of close interdisciplinary collaboration, our symmetrical approach does not aim for a fusion of the disciplines, rather it upholds disciplinary distinctions and configures the relations between social and computer science roughly in two dimensions: First, on a conceptual level, it builds on a symmetrical understanding of the social and material aspects of designing technologies (Callon 1987 ). It does not pit a technology-centric perspective against a user-centric approach, but focuses on the transformative capacity of technologies in real-life work settings and organisations (Berg 1998 ) such as hospitals. Second, on an interdisciplinary level, it not only introduces sociological concepts and methods into the design of IT systems, but also seeks to allow for the reverse effect, that is, the capacity of technological design to influence sociological concepts (Latour 1996) . We view this allowance as a necessary symmetry, as there are significant similarities between designing technology and developing theory in contemporary practice (Bryant 2017, 299-315; Rohde et al. 2017) .
Our empirical case is based on an interdisciplinary project involving the disciplines of computer graphics, neurosurgery, and sociology that was established with the aim of developing augmented reality (AR) visualisations for cooperatively used medical data. Within the project, each discipline makes their own contribution to the interdisciplinary research while at the same time seeking to extract an original and distinct added value (cf. Spiller et al. 2015 ). We will elaborate how our symmetrical approach can be conceived as a mode of engagement and a trading zone between these different parties and how their collaborative activities might be organised on the level of concrete research practices.
We present our argument as follows: The first part of the paper revisits some of the collaborative relations between technological design and sociological research which have emerged since the 1980s by taking the fields of HCI, CSCW, and STS as prominent examples. We then specify our symmetrical approach as a distinct mode of engagement and a trading zone in which social science, computer science and user communities come together in a distinct manner. In the third section, we briefly illustrate this approach using empirical data from our interdisciplinary project.
Technological design and social theory in social and computer sciences:
HCI, CSCW, and STS
Confronted with widespread problems in company IT systems in the 1980s, software engineers turned to the social sciences for help in designing systems that would better reflect the intricacies of collaborative work (Sommerville et al. 1993) . Nascent fields such as HCI (Robinson 1990) and CSCW (Bannon and Schmidt 1991) drew heavily on findings from interactionist sociology, ethnomethodology, and anthropology. And the equally nascent field of STS showed a similar related interest in studying technological designs in order to fortify sociological theory (Callon 1987) . Robinson (1990) depicts the situation described above from a software engineering perspective in the field of HCI. Computer interfaces, he asserts, often figure as a demarcation line between the technical and the social aspects of software engineering, i.e. between "technical issues" and "non-technical issues" (ibid., 45). In addition to this distinction, the then-prevalent understanding of human-computer interaction in software engineering was defined by simple cognitive models. According to Robinson, these dominant concepts ultimately led to a dual deficiency in software engineering, because the importance and the particulars of in-situ human-machine interaction were widely disregarded. Robinson therefore argued for a stronger engagement with ethnographic methods on the part of software engineers.
HCI & CSCW
Like HCI, CSCW calls upon the discipline of sociology to enrich the engineer's understanding of work practices. Bannon and Schmidt (1991) , for example, point out that in order to develop useful groupware applications, software designers need to understand the basic cooperative -i.e. social -features of work. They draw on concepts from industrial sociology as well as an interactionist sociology of work in order to highlight two main features of the sociality of work:
First, cooperation mostly happens in a shared information space. Teams in industrial settings have a shared physical location and shared knowledge of the tasks at hand. Second, their cooperation cannot be completely planned in advance. There is always a residual need for situated adaptation and ad-hoc activities and coordination.
In the 1990s, an increasing mutual interest in understanding and designing information systems in organisational and work settings can be observed among both systems designers and social scientists (cf. Greenbaum and Kyng 1991; Orlikowski et al. 1996) . However, crossing the "great divide" (Bowker et al. 1997 ) between social and computer science turned out to be more difficult than simply applying ethnographic methods and social theory to engineering issues or using technology design as an easily accessible field site. Given these firmly entrenched camps, critical accounts began to arise questioning the dominant modes of engagement between social and computer science.
One main issue of contestation concerns the use and potential of ethnography as an empirical research method (Suchman 1994) . Anderson (1994) asserted that systems design largely misconceived ethnography as an "impressionistic genre of reportage" (ibid., 178), conducted in order to gather 'touchy-feely' data from the field, leaving the true analytic potential of ethnography largely untapped. This critique continues until today, when reducing ethnography to a handful of "implications for design" (Dourish 2006 ) severely curtails its rich and detailed knowledge of the field and facilitates only "weak connections" (Blomberg and Karasti 2013, 395 ) with design. Emancipating ethnographic methods from design requirements is especially important in order to avoid the risk of neglecting elaborations by ethnographers that contain relevant conceptual and theoretical implications for cooperative work practices and design issues (Schmidt 2011) .
In sum, the modes of engagement between social and computer science in HCI and CSCW show a distinct pattern. First, this pattern is characterised by strong theoretical and methodological input from social science into the field of systems design. Second, the growth in mutual interests between the disciplines can lead to fruitful collaborations and the formation of interdisciplinary approaches to design. However, as social science concepts and methods become increasingly incorporated into technological designs, they run the risk of turning into mere 'features' in service of computer science and losing their original descriptive and analytic potential. This does not lessen the fruitful and productive work of HCI and CSCW, but it points to a unilateral mode of engagement where ideas tend to flow more heavily from social science to computer science than the other way around.
Despite close interdisciplinary engagements in fields such as HCI and CSCW, other areas of computer science do not share such established trading zones with the social sciences. The field of visualisation and computer graphics, on which we draw in our case, is pre-dominantly governed by technology-driven innovations. When integrating user perspectives in new designs, the primary methods are evaluation techniques that attempt to measure the efficiency and effectivity of new (visualisation) technologies with respect to a) data analysis and reasoning, b) communication through visualisation, c) collaborative data analysis or d) user performance (Lam et al. 2012 ). In practice, many user-related research projects in visualisation and computer graphics address well-known problems for which quantitative measures of success and benchmarks already exist. In such cases, new technologies are evaluated without any active user involvement. Research projects that address more specific application scenarios are typically confronted with the additional requirement to define (quantitative) measures of success and benchmarks. Subsequently, such projects are often harder to 'sell' to the community, as it is quite challenging to implement this requirement in a transparent, comprehensive and reproducible manner.
STS
Interest in the design and impact of technology in STS in the 1980s mirrors the growing interest of computer science at the time in social science concepts and methods. Callon (1987) argues that engineering projects do not begin with technical questions and gradually acquire social, political and economic dimensions as they progress. Rather, they are fundamentally heterogeneous and complex from the very start. This circumstance forbids the clean separation of technical and social issues in the study of technical designs. The symmetry 1 proposed by actor-network theory (ANT) as a solution to this separation allows Callon to trace heterogeneous associations and to study the sociomateriality of "society in the making". Latour (1996) extends this line of reasoning to computerised work sites. According to Latour, the engineering and social sciences exerted a strong influence on concepts of rationality and modernity in the 1950s and 1960s, but came under fire in the 1970s for neglecting the human dimension in their work (ibid., 300). Computerised work sites make it obvious that a one-sided approach, favouring either technological or social dynamics, is largely misplaced. Rather, they point to the need for "a complete redefinition of the divide between the two worlds" (ibid.).
The central aspect of symmetry which Callon and Latour highlight is that while technology design profits from social theory, the latter also stands to benefit from the study of technological design, presenting a distinct added value for both sides from mutual collaboration. A second symmetrical aspect is that design should not prioritise human or technical agency alone. According to Berg (1998) , one main corollary of critique directed at technocratic concepts of design in HCI and CSCW was a tendency to lean into human-centric approaches and, in so doing, neglect the transformative role of technology in social practices (cf. Garrety and Badham 2004) . Prioritising the human side of design while associating technology with nega-tive concepts of authority and control tends to result in technological designs that are configured for the minimally invasive support of existing work practices, yet it simultaneously prevents disruptive, albeit potentially positive, technological change (Berg 1998, 469) .
This brief account of STS perspectives related to the design of information systems sets the stage for our own symmetrical approach. First, we assume that social science and social theory will themselves be transformed through the close study of technological design, especially if they become actively involved in the design process (Rogers 1997) . Second, the practice of maintaining a difference between the social and the technical should be exploited for its analytic potential and not used as a basis for normative claims (Jensen 2001) . Both social and computer scientists then acknowledge that the social and the technological cannot be fundamentally separated in design processes.
Collaborations on the part of STS scholars with practitioners in fields that do not have a longstanding history of mutual involvement, such as computer graphics, may benefit from such a symmetrical perspective. As a mode of engagement it offers a basis for the productive frictions of "agonistic-antagonistic" (Barry et al. 2008, 29) interdisciplinary endeavours that entail a mutual "letting go" (Spiller et al. 2015, 559-561) of disciplinary habits or comforts, while at the same time seeking out a disciplinary added value by crossing the "great divide" (Bowker et al. 1997 ).
Symmetrical positionings
The main feature of our symmetrical approach lies in the preservation of distinct disciplinary orientations that researchers and practitioners bring with them as they participate in close interdisciplinary collaborations. Such an approach heeds Bannon's call for a "strong" interdisciplinarity (1997, 372) , where disciplines do not simply labour side by side but engage in more fundamental exchanges based on their respective concepts and methods (cf. Dourish and Button 1998) . This view has been supported more recently with respect to ethnography and design by Blomberg and Karasti (2013, 400-405) and we see our symmetrical approach in line with their position. In addition to the dominant mode of collaboration, or "bringing social theory into technological design" (Berg 1998) , we specifically ask the inverse question, which is how to generate sociological insights from technological design processes. The challenge lies in creating a mode of mutual engagement that does not seek to place one discipline at the service of the other, nor to create a synthesis that does away with disciplinary boundaries (Barry et al. 2008 ). This mode of engagement must align two seemingly contradictory objectives: (a) a distinct disciplinary added value derived from (b) close interdisciplinary collaboration on issues that cannot be addressed in a mono-disciplinary fashion.
Modes of engagement and trading zones
Ribes and Baker reflect on their involvement in the design of large information infrastructures to point out four elements which mark different modes of engagement: development timeline, initiation, participation type, and details of involvement (Ribes and Baker 2007, 111-114) . Similar to Strathern (2004) , they want to move beyond a "response mode" of social-research-asa-service that is habitually called upon to solve social issues surrounding technical designs. In the experience of Ribes and Baker, depending on the development timeline of a project, the time of initiation, and how social researchers are invited to participate, as well as the details of their involvement, social scientists can, in their eyes, contribute much more than social fixes to technical problems. The authors note that deep and early involvement is often favourable when it comes to integrating original social science input in projects (ibid., 113). In order to ensure a robust interdisciplinary nexus in our own symmetrical approach, we propose early mutual engagement as a vital element, together with strong participation and in-depth involvement of social scientists in the design process. 2 A symmetrical approach entails collaboration where all researchers are on equal footing and neither discipline is at the service of the other. This mode of engagement cuts across established divisions of labour that would expect social scientists merely to elicit design requirements and subsequently hand over the results to systems designers. In order to facilitate high-frequency and long-term interdisciplinary engagements, we conceive collaboration not as separately ordered through precisely specified deliverables, but as a continuously developing "trading zone" (Galison 1997) , in which the disciplines meet in productive encounters but do not fuse into an intermingled whole.
Building on the modes of engagement described by Ribes and Baker, the authors Vertesi et al.
(2017) specifically discuss the role of STS in the design of new technologies. They identify their own four modes of engagement: corporate, critical, inventive, or using design as inquiry. Each mode of engagement articulates a specific type of interdisciplinary collaboration occurring in distinct "trading zones" (ibid., 169). Out of the four modes of engagement, the last mode of "using design as inquiry" describes involvement on the part of social researchers in the design process that goes beyond analysis, critique, or constructive input to engage directly in configuring designs (ibid., 179-181). Symmetrical involvement of social sciences then extends past simple design implications or actively involving users. Instead, it pushes back on design issues, on sociological theory, and on research methods as well. Here, the notion of a trading zone is useful, because simply specifying diverse modes of engagement is not enough to describe the manifold situated activities happening in trading zones. Therefore, by integrating the concept of trading zones, we conceive of software design not as a linear progression from idea to artefact, but as an iterative and recursive process that cycles back and forth between users, empirical research, theoretical and technological abstractions, design mock-ups and prototypes until a more or less durable sociomaterial form is crafted (Suchman et al. 2002) .
Contours of symmetry
Our discussion so far highlights the multiple modes of engagement and diverse trading zones that have evolved between social science and computer science. We note that there is little normative consensus on how technological design and sociological research should be related.
We also emphasise that our approach is by no means meant to be universal, rather we view it as one option among others for articulating heterogeneous interests in interdisciplinary settings (Star 1993 ). In the case we describe here, for instance, computer graphics is a field largely driven by technical advances rather than a focus on user practices. However, our case also involves a unique user group: neurosurgeons are professionals with the necessary resources to challenge unwanted technical designs. For sociologists, the third set of actors in our case, the prime motive is neither the concrete design, nor its successful execution, but access to a deeper insight into the relations of visualisation and cooperation, as well as an interest in the material-semiotic constitution of cooperative clinical work. Our focus therefore lies on a specific mode of engagement and the constitution of an associated trading zone as a durable arrangement that encourages a symmetrical collaboration on several levels and prevents the different parties involved from merely working side-by-side or as a service to one another.
The following six aspects form the basis of our symmetrical approach.
First, our approach tries to avoid the biases of either technology-centred or human-centred design (Berg 1998) . It conceives of work practices as inherently sociomaterial and adheres to the principle of "free association" (Callon 1986, 200) by privileging neither humans nor technology in the accomplishment of complex distributed tasks. Following this basic principle, it seeks to combine the transformative benefits of technological design with a keen sensibility towards practical working relations. Symmetrical approaches drawing on ANT lend themselves to the analysis of information systems (Hanseth et al. 2004; Randall et al. 2007, 104-109) and recent approaches like "sociomaterial design" (Bjørn and Østerlund 2014) echo this need for an impartial perspective.
Second, a symmetrical approach acknowledges disciplinary discontinuities between social and computer science and seeks productive ways to exploit the "great divide" (Bannon 1997 ). The aim is to establish a trading zone between social and computer science that enables the development of individual disciplinary insights. Such disciplinary contributions, however, require close interdisciplinary collaboration on issues that cannot be addressed in mono-disciplinary fashion. Following Barry et al. (2008) , this mode of engagement is aimed at at creating agonistic-antagonistic engagements that hold both disciplines in a productive, symmetrical tension.
Third, this mode of engagement enables researchers to push back on their own disciplines, for example by critically questioning sociological theory based on the study of computerised work sites (Latour 1996; Dourish 2006) or by questioning technical design procedures based on observations gained through ethnographic research (Schmidt 2011, 355; Vertesi et al. 2017, 179-181) . Close participation of users should also be provided for in order to counterbalance the potential dominance of one discipline (e.g. social or computer science). However, it is important to acknowledge that users may themselves be unaware of features of their cooperative work relations or of possible technological solutions (Sommerville et al. 1993 ). Despite diverse attempts to bring software engineering and sociological research closer together, such approaches are still rare in both disciplines (Baxter and Sommerville 2011; Jackson et al. 2014 ). In the next section, we sketch out how such an approach can be put to work.
The symmetrical approach in practice
One crucial aspect of our symmetrical approach lies in configuring a mode of engagement that facilitates a disciplinary added value through high-frequency and long-term interdisciplinary collaboration. It conceives of technological design as a resource for sociological inquiry and therefore as a specific way of knowing (cf. Vertesi et al. 2017, 179 ) that offers unique insights into the material-semiotic relations of cooperative work settings. In our case, the added value pertains largely to the disciplines of sociology and computer graphics, since we do not produce new medical knowledge for the field of neurosurgery.
In essence, our work is simultaneously about transgressing and maintaining disciplinary boundaries in order to create a productive tension that may lead to new disciplinary insights.
We thus organise our research and design practices as sequences and loops to allow for the correction or modification of prior stages due to new findings or problems arising in later stages of our research. Each stage is assigned to a primary discipline, e.g. field research is the domain of sociology while computer graphics are responsible for technology design. At the same time, we encourage, and even force, an increased amount of interaction and synchronisation between the disciplines. On the one hand, this system of distinct yet shared responsibilities enables a tight interweaving of empirical data on cooperative practices into the development of new technical components and interfaces. On the other hand, such an arrangement requires a sufficient level of mutual understanding among participating disciplines as well as a mutual reference point, e.g. the technological design, as a basis for collaboration (Henderson 1991) .
Our symmetrical approach rests on three practical components: (1) Achieving a shared understanding requires establishing a trading zone for collaboration and, at least to some extent, a shared will to understand the respective goals and requirements of fellow collaborators. (2) Mutual involvement is necessary so that each researcher may engage with the methods and concepts of other collaborators, creating a strong impulse for reflection of one's own work and that of others. (3) Common tools facilitate the translation of empirical findings into novel technological and theoretical concepts by representing data in a mutually accessible architecture.
Achieving a shared understanding mainly requires open-mindedness and a sufficient allocation of time. This especially applies to the time-consuming discussions in which implicit assumptions, ambiguities, and inaccuracies come to light (Duncker 2001) . Fostering mutual involvement is clearly more challenging, as it requires participants to actively integrate people from different disciplines into one's own research activities (Spiller et al. 2015) . On the level of common tools, we relied in our project on visual notations commonly used in software engineering to bring together our varying perspectives (cf. Ensmenger 2016 for the collaborative use of flowcharts). In particular, Unified Modeling Language (UML, Booch et al. 2005 ) was one of the key tools employed in the project to link sociological analysis and technical design (van Dyke Parunak and Odell 2001; Trkman and Trkman 2014) . In the following, we concentrate on the collaborative aspects of UML as it was used within our research project. In line with Henderson (1991, 450) , we understand UML as a boundary object that is wielded in order to "socially organize distributed cognition" and to allow "members of different groups to read different meanings particular to their needs from the same material".
UML -modelling in social and computer science
UML is a "general-purpose, developmental, modeling language in the field of software engineering that is intended to provide a standard way to visualize the design of a system" (Booch et al. 2005) . A use case diagram is a representation of a user's interaction with the (software) system, and demonstrates the relationship between the various users and the different use case scenarios.
We employ this diagram type to identify the different parties involved (i.e. "users") and the different scenarios and intentions they make regarding the system ("use cases"). Use case diagrams are a common starting point in any software modelling process of real-world problems, followed by a further refinement of the design.
Class and component diagrams are mainly used to capture the structure of a software system.
The class concept is essential as a means to describe models of real-world objects represented within a software. These models are meaningful abstractions of real-world objects towards more computational concepts that do not have a one-to-one relation with reality. The biceps, for example, is a specific (real-world) muscle located between the shoulder and the elbow. In a class diagram, it could be represented as a 'muscle', or a class of soft tissue able to produce a contraction that changes its own size and shape, thereby producing force and motion. A class comprises relevant attributes (e.g. physical strength) and operations (e.g. to contract), as well as the relationships among classes (e.g. bones connected to the muscle by tendons).
Components are necessary for partitioning more complex models of real-world constellations and depicting how components are wired together to form, eventually, the complete software system.
We additionally use sequence diagrams that describe the temporal sequence of operations triggered by the user and propagated within the system as an object's operation will, in most cases, trigger operations performed by other objects.
The various UML diagrams figure as important translational devices in which the messy realities of hospital cooperation become semi-formalised and represented in a systematic array of use cases, classes, components, and sequences. More specifically, they serve as a central point of intersection where insights from ethnographic observations, interviews and group meetings can be transferred (in part) into the architecture of the evolving system. They constitute a representational space in which sociology and computer graphics need to negotiate the relations of cooperative medical work and collaborative software design, i.e. where the "double tuning process" (Jensen 2001, 213) between social practices and technical systems takes place. From a sociological perspective, UML forces the reduction of empirical ambiguities to computable classifications. It requires stricter categorisations than those created through qualitative analysis, yet both social and computer science share an interest in creating meaningful abstractions from empirical data and both can be seen as ways of modelling social realities (Bryant 2017, 299-315) . The study of computerised work sites therefore not only pushes back on sociological theory because it inherently interrelates the social and the material in ways that need to be accounted for conceptually, but because the process of developing (social) theory resembles processes of (technical) systems design. The use of sociological theory as a constructive tool to inform systems design (Berg 1998) likewise offers the potential to reconfigure the sociological concepts themselves (Rogers 1997) . This by no means a smooth integration of sociological data into computer code, but a long, sticky process of negotiation.
Both sociology and computer science thus have to generate sufficient "interactional expertise" to facilitate the exchanges in a trading zone that would support this potential (cf. Gorman 2010).
Coding medical cooperation
Our empirical research on the neurosurgical ward focuses on the peri-operative phase, in other words the activities taking place just before and after surgery. We do not take surgery itself into account, as it follows a different cooperative order. The peri-operative phase consists of the initial reception of the patient, the acquisition of relevant medical data, additional diagnostics, surgery preparation, the post-operative acquisition of medical data, and the discharge, where doctors tend to work individually rather than in a team. Besides medical doctors, this phase involves nurses and sometimes technicians. Due to shift rotations and understaffing, relevant patient information might not be passed on to the next shift verbally or might be too time-consuming to retrieve from the circulating paperwork and stationary information systems. Developing new visual modalities for representing cooperatively used medical information on mobile devices thus becomes a central concern within the field.
However, one of the inherent conflicts in rationalising medical work is the disparity between the negotiated order of cooperation and the official divisions of labour (Strauss et al. 1963 ).
The sociology of organised medicine has, time and again, shown how work practices resist attempts at formalisation and standardisation (Timmermans and Berg 1997; Bruni 2005) .
Every process that aims to design a technical system in this context is bound to face thorny dilemmas between articulations of practical work, the elicitation of system requirements, and representations of cooperation in abstract models (Gerson and Star 1986, 258) .
Our use of UML reflects this inherent tension. In our research, UML serves as an interface between the disciplines of social and computer science as well as work practices and systems design. Its formal notations require all parties to negotiate, in great detail, how relevant features of clinical cooperation might be translated into visual representations. This by no means entails a full formalisation of all cooperative aspects. Rather, participating actors are required to delicately manoeuvre between the practical ambiguities of medical knowledge, formal and informal organisational procedures, possible visual modalities, and user feedback. In line with Berg and Toussaint (2003, 228) , we emphasise that (UML) models will always be partial and that this partiality is a central issue when re-integrating the resulting visualisation system into the daily procedures of the hospital ward by allowing flexible access to relevant information, along with options to support aggregation and linkages. We also bear in mind that designing technology in our case cannot be separated from interfering with social practices. Indeed, this is one of the main demands on the part of neurosurgery teams, who often want to reflect on and adjust their ways of working together. The following two examples show how we relate sociological conceptualisation and technical modelling through UML diagrams.
Cooperative use of diagnostic data: display patient status Figure 1 shows the UML use case diagram for "display patient status" or, in other words, the case where a neurosurgeon wants quick access to relevant patient information. Compared to classic software engineering, the detail level in this diagram is not reduced. It contains snippets of various information types to be visualised on an avatar resembling the patient. This diagram was developed based on ethnographic observations and interviews with selected personnel; the resulting data were then used to sketch out initial ideas on how the system might be used in specific situations. However, working on several of these UML use cases led the sociologists in our project to reconsider their view of clinical cooperation. Once different empirical scenarios (e.g. patient intake and follow-up examination) had been formalised into individual UML diagrams, their differences became less obvious. These emergent similarities then then allowed us to identify a dominant 'diagnostic mode' that lies at the heart of most cooperative medical activities on the ward. When working in this mode, in most of the situations we observed, the neurosurgeons followed a basic format of diagnosing disorders. From the patient intake to surgery preparation and post-operative monitoring, their cooperative requirements result from the constant necessity of being aware of the patient's current status -even in the absence of colleagues from previous shifts. This ongoing diagnostic mode became a crucial element for selecting and displaying relevant cooperative data. As for how to go about visualising relevant data, we identified the somatic 'locatability' of information as a major distinctive feature.
While information related to neural disorders is predominantly related to different skin regions, muscles, and tendons, associated information such as blood values or medication has no, or only very weak, ties to specific anatomic structures. Thus, the degree of somatic locatability became an omnipresent category in the design process.
Medical knowledge in cooperation: coding symptoms Class diagrams specify the relevant objects and abstractions (classes) to be used within the software system. In our research, we realised that, if it was to be helpful in daily practice, the dominant diagnostic mode of cooperation must be represented in the system. This led us to create objects and classes that included anatomical structures, symptoms of spinal disorders, and external factors such as medication and blood values. Our work on this diagram subsequently led us to reconsider the elements of medical knowledge that should be represented within the system and those that should be excluded.
We also consider how system elements might be interlinked in practice. That involved a continuous negotiation between different, interrelated forms of representation within the information ecology of a hospital ward while essentially trying not to overload the prospective system with too many features. While this analysis provided the core architecture of the computer graphics system, the sociologists then returned to their data in order to take a closer look at the different cooperative media and data practices on the ward, from verbal face-toface and telephone communication to hard-copy medical records and the digital hospital information system, and finally the ubiquitous post-it notes and printouts containing handwritten notes. Thus, the UML diagram in a way enabled the sociologists to see the social through the technical while allowing computer graphics specialists to perceive the technical through the social.
These two brief examples show that using UML within a symmetrical approach does not simply funnel sociological knowledge into technical design, but that it enables a mutual engagement of both disciplines. Closely aligning with computer graphics experts in their work then creates the potential to build novel insights into the sociomaterial relations of cooperative medical practices. Designing technology and building theory in our case do not inhabit incommensurable spheres, rather they are tightly related in practical research. UML is of course not the only means of mutual exchange, but the site where theory and technology come closest in our research project.
Discussion and conclusion
Our main aim in this paper was to outline a symmetrical mode of engagement between the disciplines of sociology and computer graphics. At its core, this symmetrical approach seeks to avoid unilateral flows of social theory into design and instead to create an unfettered interdisciplinary trading zone from where both sides may gain disciplinary insights. We argued that this approach is particularly suited to collaborations in which the working disciplines both rely on research styles that continuously and iteratively engage with empirical and conceptual findings, as is the case in social and computer science. Collaboration is neither seamless nor without strain, rather it is marked by high-frequency and long-term exchanges and an openness on both sides to (participating in) the research practices of the other.
Our symmetrical approach seeks to enable disruptive technology development on the part of computer graphics experts, i.e. to support the development of new modalities for visualising complex cooperative information and at the same time remain sensitive to concrete work practices and their resistance to change. It does so by carefully fitting the system to the existing information ecology of the ward, including vocal interaction, formal and informal paperbased records as well as stationary and mobile digital devices. The sociological benefit lies in the close participation in the software design process, an involvement which essentially shapes a uniquely constructive digital sociology (Goulden et al. 2017 ).
As the social sciences and STS are increasingly drawn into the design of digital technologies (Ribes and Baker 2007; Vertesi et al. 2017) , their modes of engagement and the trading zones between them and software design require closer inspection. By outlining our symmetrical approach above, we hope to contribute to an increased mutual understanding between social and technical disciplines and benefit from both sides of the presumed, and perhaps slowly shrinking, divide. 
